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ABSTRACT 
Growth hormone is a peptide hormone produced and 
released from the anterior pituitary. It is important for 
normal linear growth. The aim of the present study is to 
clone the grass carp (Ctenopharyngodon idellus) GH gene. 
In order to enhance the cloning efficiency, a 
genomic library of grass carp DMA enriched with GH gene has 
been constructed. The library is constructed in a λgtll 
vector and . has a total size of l.03x106 recombinants. The 
library is screened with a radioactively labelled grass carp 
GH cDNA probe. Out of 3.7x105 recombinants screened, a 
positive clone containing the potential GH gene has been 
isolated. 
The positive clone is further characterized. It 
has an insert size of 7.74 kb. Information gathered from 
different restriction enzyme digestions of the insert DMA is 
used to construct a restriction map. By aligning the DNA 
insert of the positive clone with the GH cDNA, the potential 
GH gene is located within 4.7 kb from the 5' end of the DMA 
insert. . This positive clone probably contains the full length 
GH gene. Selected restriction fragments are subcloned into 
plasmid vector, pUC18, for sequencing. The positive clone is 
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Ever since the isolation of growth hormone from the 
bovine pituitary (Li et al., 1944), major advances have been 
made on our understanding of the the biological activities, 
chemistry, immunochemistry as well as species-specifici ty of 
different growth hormones (Wilhelmi, 1974; Cheek et al., 1974; 
.\ 
Kostyo et al., 1974; Goodman et al., 1974; Altszuler et al., 
1974; Paladini et al., 1983). In recent years t molecular 
biologists have initiated a concerted effort to study the 
genetic aspects of· growth hormone. The nucleotide sequences 
of growth hormone in human (DeNoto et al., 1981) , ~ rat (Page et 
al., 1981), bovine (Woychik et al., 1982), oV1ne (Byrne et 
al., 1987), porClne ( Vize et al., 1987) as well as some fish 
spec1es such as rainbow trout (Agellon et al., 1988) and 
Atlantic salmon (Johansen et al., 1989) have been elucidated. 
The cDNA of the growth hormone gene of many different fish 
species have also been cloned and successfully expressed 1n 
bacterial system. 
1.2 BIOLOGICAL FUNCTIONS AND STRUCTURE OF GROWTH HORMONE 
Growth hormone belongs to a hormone family which 
includes prolactin and chorionic sommatomammotropin. These 
three hormones share am1no acid sequence homology, have 
related immunological reactivity and have partially 
overlapping biological activities. The members of this family 
of hormones are expressed in a cell specific manner. GH is 
synthesized in the anterior pituitary by somatotrophic cells . 
! 
GH 1S necessary for normal linear growth and also plays a 
! 
1 
vital role in carbohydrate, fat and protein metabo lism. 
Growth hormone acts by stimulation of somatomedins production 
to promote linear growth. At present, somatomedins already 
purified include somatomedins A1, A2, C, insulin-like growth 
factor I (IGF-l) and insulin-like growth factor II (IGF-2) 
(Pa1adini et al., 1983). 
Production and release of hormones from the 
pituitary gland is known to be under complex hormonal control. 
In the case of GH, glucocorticoids and thyroid hormone are 
known to stimulate its production. The secretion of GH is 
also regulated by several other factors including the 
hypothalamic hormones (GHRH), which have a stimulatory effect 
and the somatostatin (SRIF), which is inhibitory · (Thorner et 
al., 1988). 
Growth hormone of a number of different species 
have been purified and studied. They are all single 
polypeptide chain of approximately 200 amino acids long with 2 
to 3 disulfide bonds. They have free amino and carboxyl 
terminal and a molecular weight of around 22 kDa. 
Growth hormone has been purified from the pituitary 
,glands of a teleost fish, Tilapia Mosambia (Farmer et al., 
1976) . Its molecular weight was 22 kDa and it has an a-helix 
content of 50%. Its a~ino acid composi tion, electrophoresis 
I 
pattern and circular d~chroism spectra were similar to those 
of mammalian GHs suggesting that the GH structure has been 
strongly conserved during evolution. 
The growth hormone of the common carp (Cyprinus 
carpio) had also been isolated and studied recently (Cook et 
al., 1983). Its molecular weight was found to be 22.5 kDa. 
2 
Leucine ~as the major amino terminal residue, bu t trace 
amounts of valine, lysine, tyrosine and phenylalanine were 
also identified. Se~ine was the major carboxyl termina l 
residue, but glycine has also been detected. The carp GH has 
features similar to those found in other vertebrates; viz, 
two disulfides, a single tryptophan, low methionine and 
histidine content and a high glutamic acid and leucine 
content. The carp GH had a relatively high content of 
aspartic acid, serine and valine. 
Recently, more than one form of GH have been 
isolated from some fish species. Two molecular forms of 
salmon GH, sGHI and sGHII, have been isolated from the 
pituitary glands of chum salmon (Kawauchi et al., d 1986). Both 
forms have the same molecular weight (22 kDa) but different 
isoelectric points (5.6 and 6.0). They have different amino 
acid composition and amino-terminal residue. It was suggested 
that they may be genetic variants coded on two separate genes. 
Two forms of GH have also been found in the eel ( Kishida et 
al ., 1986). The molecular weight of both forms was about 23 
kDa but their isoelectric points were 6.3 and 6.7. 
1.3 MOLECULAR CLONING OF GH cDNA AND ITS EXPRESSION 
The GH cDNA of a number of species has been cloned 
and comparatively studied and characterized. They included 
cDNA for the GH gene of the bullfrog (Pan et al., 1988), duck 
(Chen et al., 1988), bovine (Miller et al., 1980), human ( 
Martial et al., 1979), rat (Seeburg et al., 1977), goat 
(Yamano et al., 1988), chicken (Souza et al., 1984; Lamb et 
al., 1988), ovine (Warwick et al., 1989). These studies have 
been extended to lower vertebrates. Several GH cDNAs o f 
3 
different speC1es of fish have been cloned and the y include 
those of the chum salmon (Sekine et al., 1985), eoho salmon 
(Gonzalez-Villasenor et al., 1988), yellow tail (Watahiki et 
al., 1 9 8 8), eel ( Sa i toe tal., 198 8), t un a ( Sat 0 eta 1 . , 
1988), red sea bream (Momota et al. I 1988) and very recently 
the co mmo n car p ( Ch a 0 eta 1 . I 1 9 8 9; Ko re net al. I 1 9 8 9 ) and 
grass carp (Ho et al.1 1989). 
Comparison of the GH cDNA sequences among different 
spec1es of fish as well as other species reveals some common 
structural features. They all contain a signal peptide at the 
amlno terminus of the pre-GH. This peptide 1S cleaved off 
upon hormone secretion. The signal peptide in fish is shorter 
by four or five amino acids compared with those 0f the mammal 
I 
(Koren et al. I i 1989). I On the other hand, fish GH share some 
common structural features with mammalian (rat, bovine l 
porc1ne, human, goat l horse) and chicken GH. Four Cys 
residues are found ln similar posi tions ( and by forming t~r\TO 
disulfide bonds they probably contribute to the tertiary 
structure of the hormone. 
Some fish GH cDNAs have been successfully expressed 
1n bacterial system, V1Z, Escherichia coli. Nature salmon GH 
Has efficiently expressed In E. coli carrY1ng a plasmid 1n 
v.Thich the salmon GH cDNA Has under the control of the trp 
promoter (Sekine et al., 1985). Nature eel GH has also been 
successfully expressed In E.. coli under the control of th e 
phage PL promoter (Saito et al. I 1988). The recombinant 
polypeptide was expressed up to 5% of the total cellul ar 
protein. 
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1.4 MOLECULAR CLONING OF THE GENOMIC SEQUENCE OF GH 
1.4.1 THE ISOLATION OF MAMMALIAN GROWTH HORMONE GENE 
The complete ! sequence 
I 
has been determined D~Noto et 
of human growth hormon e g en2 
al., 1981). The full l e ng th 
GH gene lS contained Hithin a 2.6 kb EcoRI f r agment. It 15 
interrupted by four introns and all int e rvening seque nces 
begin with GT and end with AG. The signal s e quence, TATAAA, 
1S found approximately 25 bp upstream of the 5' end of the 
mature mRNA transcription start. The highly conserved 3' end 
mRNA sequence AAUAAA 1S found in the gene near the sequence 
where poly A is added to the mRNA. Sl mapping shows that one 
of the intervening sequences has two different 3' splice 
sites. These alternate splicing pathways may ge~erate human 
GH of different size which can be found in normal pituitaries. 
The rat GH gene sequence, about 2.1 kb long, was 
identified (Page et al., 1981; Barta et al., 1981) by 
hybridization with rat GH cDNA. It contains four intervening 
sequences. Apart from the Goldberg-Hogne5s box, the sequence 
between nucleotides -88 and -74, -CCATGAATAAATGTA-, 1S 
completely similar to the human gene except for a cytidine 
substitution at position -83. This sequence 1S thought to 
play a role in the expression of GH gene. The largest intron 
of the rat GH gene exhibits some interesting structural 
features. It contains a 195-bp tandem repeat bound by perfect 
18-bp direct repeats. 
The gene coding for bovine growth hormone has b e en 
is 01 ate d and s e qu e n c e d by ''10 Y chi k eta 1 . ( 1 9 8 2) . The entire 
gene is approximately 1.8 kb long and contains four introns. 
The most striking finding 1S that, 1n a ddition t o t h e two 
5 
conserved reglons 1n the 5' flanking sequences of -20 t o -30 
and :-..75 to -87 found 1. 11 human and rat r a third cons e r ved 
sequence lS found in all three genomic sequences. This lS a 
36 nucleotide sequence which starts about 140 bp upstream from 
the cap site and it might have some GH-specific function. 
The ovine growth hormone has also been isolated and 
sequenced (Byrne et al., 1987). The structure of this gene 1S 
similar to that found in other GH genes, particularly that of 
the bovine. Its length is 1792 bp long, with five exons and 
with four introns. 
gene was 
(Vize et 
A cosmid clone containing the entire porC1ne GH 
isolated using 
al., 1987). It 
a full length porC1ne GH cDNA probe 
18 found to be highly homologous to 
those of the rat, human and bovine. HO'Never r the porC1ne GB 
gene has an unusual 5'donor splice site, the first two 
nucleotides of which are a GC rather than the highly conserved 
GT. 
The GH gene sequence of human, rat, OV1ne and 
porc1ne, are highly conserved. In each one of them, the 
coding sequence is divided into five exons and the intervening 
sequences are, 1n general, about 200-300 bp long. A 
comparison of their promoters and 5' untranslated reg10ns 1S 
shown in Fig. 1 (Vize et al., 1987). All of the promoters are 
highly conserved over the entire reg1on. Moreover, a 
significant number of homologous regions exist between all the 
GH genes down to the poly A addition sites (Fig. 2). 
1.4.2 MOLECULAR CLONING OF RAINBOW TROUT GROWTH HORMONE GENE 
The GH gene of the rainbow trout (Salmo gairdneri) 
has been isolated and ! sequenced by Agellon et al. (1988). 
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5' -150 -100 . . 
p ccOGOGCCAcATcAC-----~---------CCCACACCACCACOGGCAACACCATCACTOGCACCACCTTCTAAATTATCCATTACCACATCCCTCCCACTCG 
B -CCTCGCCCACATCAC-----~---------CCCACACAACCAACCCCAACACCATCACTCACACCACCTTCTAAATTATCCATTACCACACCC-TCCCACTCG 
~.* • ~*~.. *~** ~ ~ *~~ .*. * •••• * ••• * ••••• **** •••• * ••••• * •• * * ****.* 
H -GAACCCAAACATGAC-------------AACCCACCGCCATCATCC---CACCATCTCTOGCACCACCTTCTAAATTATCCATTAGCACAAGCCCGTCACTC~ 
R -CGGTCGAAACGTAAGATCAGGCACCTC-ACCGCACGACAGCAGTGGGCACGCGATGTCTGOGACGAGCTTCTAAATTATCCATCACCACAACC-TGTCAGTCG 
. -50 +1 
p ------GCCATCCATAAATGTATACACAAAA--TACCTGCCCGCACA---GCCACAGACA-~ACACCCCAGCGTATAAAAACGCCCCAAAACCCACCAATTCCA · 
.* *.*.** •••• ~* •••• * • * * ••••••• * * * *.*.** •• *. **. ***.*.* •••••• ** ****** *****.******t* 
B ------TCCTTCCATAAATCTATACACCACA--CAGCTCCCCCCAAA---GCCACACAGACAACAACCCACCGTATAAAAATeCCCCACCACCGACCAATTCCA 
•• ****** •••• ** •• * * * **** ••••• * ** **.***** t* **.***.** •• **** *****A *A **AA *t * 
H ---CC--CCATCCATAAATCTACACACAA-A--CACCTCCCCCCAACACTeCCACACA----ACCGCCCACCCTATAAAAAGGCCCCACAAGACACOGCCTCAA 
** ****. ********. * ** * ***A * * *** *\ ** ***.*****.****~* **** **A* *A * 
R -CTCCACCCATGAATAAATCTATAGCCA-AAGGCAGCAG------CCTTGCCGTCGACCAAAACAGCT-ACCGTATAAAAAGGCCATGCAACCCACCAAGTCCA 
3' 
P -GAATCCCACC-ACCCAGCTCCCCACACCACTtAGGGACCTGTCGACAGCTCACC-CGCTCTC ATC 
* ***.*~*. *****. *~ •• * •• * *~*.*~** ••• ***** •• ***.*** *** *. 
B -GCATCCCACC-ACCCACTTCACCACACCACTCACCCTCCTGTCGACACCTCACC-AGCTATG ATC 
*~.*~.**** **** ' ~*.~ •• *.*****.*.* •••• *.* **.*.*. **** 
H -GCATCCCAGC-GCCCAACTCCCCCAACCACTCACCCTCCTGtCCAC-GCTCACCTACCTCCA ATC 
• * *** * **.** * •• *.. *.*.** **** ••• *.* * **.* ** ** 
R -GCA-CCCTCCACCCCACATT-CCAAACTCCTCACC-TCCTCTCCACAGATCACTCACTeCCC ATC 
. .. . . 
Fig. 1 Comparison of GH gene promoter and 5' untranslated region. 
Porcine (P), bovine (B), human (H) and rat (R) GH genes were 
aligned to illustrate the extent of sequence homolog~. Asterisks 
indicate homology between adjacent sequences. Dashes indicate 
gaps inserted to allow the accurate alignment of the sequences. 
(Vize et al., 1987) 
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5' +1650 I +1700 AATAAA 
p TAG TTCCTGCGCATCTCT----GTTC-----CCCC-T--CCCCACTACCTCCCCTCACCCTCGAAAGTGCCACCCCAATGCCTCCTGTCCTT-TCCTAATAAAA 
.. 
R TAC TTCCCAGCCATCTGTT--GTTTC-----CCCC-T--CCCCCGTGCCTTCCTTCACCCTGGAAGGTGCCACTCCCA------CTGTCCTT-TCCTAATAAAA 
*.. .**" * 
* * H TAG CTCCCOCCCTCGCATCCCTGTGA-----CCCC-T--CCCCAGTGCCTCTCCTGGCCTTGGAAGTTCCCACTCCAGTCCCCACCAGCCTTGTCCTAATAAAA 
*.* * * •• * * ••••• ***"" *.** ** •• * •••••••••••••• * 
R TAG GCACACAC-TGGTGTCTCTGCGGCACTCCCCCGTTACCCCCCTG-------TACTCTGGCAA-CTGCCA--------CCCCTACACTTTGTCCTAATAAAA 
t +1750 GTGTCACT +1800 
P -CCAGG---TTGCATCGT A-TTGTCTCACTACCTCTCACTCTGCCAT---GGACGCA--GGTGGCCCACTACGGCAAGCGCTGCGGGTCG---GAACACAA 
B 
If 
•• * ••• ***.* 
-TGAGGAAATTGcATCGC 
• •• -* •••• * 
-TT---AAGTTGCATCA 
•• *** •• ".*"* 
* ••••• 
•• * •• * ••• * * ••• *.... *. *.. .* •••••• 
A-TTGTCTGAGTAGCTGTCATTCTATTCT---GCCCGCTGGGGTGGCGCAGGACAGCAAGGGGGAGGATTGG---GAACACAA 
* ••••• * •••• **.,,* * ••• * * 
* ~TTTCTCTCACTAGGTGTCC-TCTATAATATTATGGGCTGGAGGGCCGTGGTTTCGAGCA/ 






Fig. 2 Comparison of GH 3' sequences. Porcine CP), bovine CB), 
human (H) and rat (R) GH genes were aligned to illustrate the 
extent of sequence homology. Asterisks indicate homology between 
adj acent sequences. Dashe '8 indica te gaps inserted to allow the 
accurate alignment of the sequences. The site at which the cleavage 
and polyadenylation of the mRNA of each gene occurs is indicated 
by arrow. Slashes indicate the 3'end of the published sequence. 
CVize et al., 1987) 
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This gene spans a reg10n of about 4 kb, nearly twic e the Slz e 
of that of the mammalian genes. It comprises of six ex ons , ln 
contrast to five in mammals. The organization of the trout GH 
gene 1S shown in Fig. 3. The addi tional intron 1n the fish 
gene interrupts translated regions that are analogous to the 
last exon of the mammalian counterpart. The promoter 
sequence, 5'TATAAAAA3', 1S located 22 nucleotides from the 
putative transcription start site and a poly 
1 
I 
5' AATAAA3', can be found at the 3' end of the 
A signal, 
gene. In 
contrast to the mamm~lian speCles, other consenus promoter 
elements is absent. 
1.4.3 MOLECULAR CLONING OF ATLANTIC SALMON GROWTH HORMONE GENE 
The complete genomic sequence of Jhe Atlantic 
salmon (Salmo salar) GH gene has been reported recently 
(Johansen et al., 1989). The primary transcript 1S 3651 
nucleotides long and it contains five introns. The sequences 
5' from the transcription start of the rainbow trout, Atlantic 
salmon and mammalian GH genes have been compared. As 
indica ted in Fig. 4, the sequences from Atlantic salmon and 
rainbow trout are highly conserved, whereas the similari ties 
between the mammalian and fish sequences are much less 
apparent. In spi te of this, there exis t short stretches of 
homology between the fish and mammalian sequences. Some of 
these conserved regl0ns are known to be involved 1n the 
tissue-specific expression of mammalian · genes. 
1.4.4 MOLECULAR EVOLUTION OF GROWTH HORMONE GENE 
It is presently accepted that all members of the GH 
gene family have a common ancestral gene. Individual genes 
were probably derived by duplication and divergent evolution 
9 
p p 




I I I I • J bGH 
E H 
I I 11 • rGH 
Fig. 3 Organization of rainbow trout Crt), human Ch), bovine Cb) 
and rat Cr) GH genes. Boxes represent exons; lines are introns; 
E, Eco RI; H, Hind Ill; P, Pst I. Scale bar represents SOObp. 




***** **** ******* * ** * ** ** ****** ****** 
~ ACATACAAAA-ACAGGTCC----CATCGGC-GAGAG-GTGGTACATGGAGA------





**** *** ** *.*. *** ******* ********** **** 
~ -AAAT-CTC-AT--GTTT---CCT-CCTGT~G---ATACATTAAA-ACAT-------
**** .,.,* ** * *~* ' * ** * ** ** **** ** 
~ TAAATTATCCAtTAGCACAagcctGtCAGTGGnCCaTGcA-TAAATGTAtagagaaa 
-100 
~ ---------------GGGTTAT--------CCA-TC TATAAA AACAGTGGCCCCA 
"* * * * * *** ~* ****** ************* 
~ ---------------GTGTTCT--------CCA-TC TATAAA AACAGTGGCCCCA 
* * *** ****** ** ** **** 




** *** **~****.**** **** ******* ******** 
~ -AA-----CAA-----------GCGGC~~CATACTGAACC-GACCACCACACTTTCA 
** *** ** * * ** ** ***** ** * 
m.aG.li caaggGACCaa tTCcAGg a tCCCagG- aCCCagcTc -cCCaaP.CcaCT-CAGGgt --
+1 
3 ' 
~ CGTGAAGTAATCATCCTTG-G--CAATTAAGAGAkAAAA ATG 
****************** * **********-***** *** 
~ AGTGAAGTAATCATCCTTG-G-.-CAATTAAGAG;.A.AAAA ATG 
** ** * ** * 1t * *** 
~ --------------CC-TGTGGACaGcTCACcgGctgcg ATG 
Fig. 4 Alignment of upstream sequences in the Atlantic salmon (as), 
rainbow trout (rt) and mammalian (ma) GH genes. The mammalian 
sequence is constructed by comparing sequences from human placen-
tal lactogen gene and rat, bovine, porcine and human GH genes. 
Capital letters indicate 100% conserved, lower-case letters for 
60% to 80% conserved, n refers to all nucleotides with a lower 
degree of conservation. Asterisks indicate nucleotides that are 
identical in the sequences, and dashed lines are used to introduce 
gaps. (Johansen et al., 1989? 
1 1 
(Paladini et al., 1983; Wallis, 1975). The current model for 
the evolution of the GH gene is schematically represented in 
Fig. 5 (Barta et al., 1981). During phase I, a primordial 
gene was repeatedly duplicated. Subsequently, an intervening 
sequence separating 





the duplicated domains was lost. 
were incorporated to form the 
precursor gene containing five exons. In phase II, the 
precursor gene was duplicated. Divergence gave rise to the 
genes that presently encod,e GH and prolactin and eventually 
placental lactogen. 
The exis tence of an addi tional in tron in the 
rainbow trout GH gene is a notable difference between fish and 
mammal. At first inspection, the presence of an addi tional 
intron may support the view that the fifth exon is originated 
from two domains separated by an intron at an earlier stage of 
evolution. However, closer examination of the model by 
Agellon et al. (1988), suggests that the insertion of an 
addi tional intron into exon V probably took place after the 
evolutionary separation of fish from tetrapods because the 
event that gave rise to GH and prolactin genes occurred before 
the divergence of fish and tetrapods. Moreover, the results 
of Johansen et al. (1989) on Atlantic salmon further indicate 
that the insertion has taken place prior to the separation of 
rainbow trout from Atlantic salmon. 
1.4.5 CONTROL ELEMENTS ON GROWTH HORMONE GENE 
Cloning of the genomic sequence greatly facilitates 
our understanding in the control elements of the GH gene. It 
also provide insights on the mechanisms of gene expression r 
12 







t--- In Iron 
(n,ronA 
I " /11 IV V 
-W-O--~~ precursor gene A dupllcallon, dIvergence 
GH Pr/ PL 
Fig. 5 Current model for evolution of the GH gene family. GH, 
growth hormone; Prl, prolactin; PL, placental lactogen. Hatched 
boxes represent exons that are thought to have separate origins. 
Roman numerals represent exon number. (Agellon et al., 1988). 
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particularly with regard to hormonal control and tissue-
specificity. 
The DNA sequence of human GH gene required for 
glucocorticoid induction resides within 500 nucleotides of the 
5'-flanking region (Robins et al., 1982). In addi tion, the 
first intron of the human GH gene is also shown to contain a 
binding site for glucocorticoid receptor (Moore et al., 1985). 
As GH gene is also responsive to thyroid hormone, a thyroid 
hormone receptor binding site is located between -290 and -129 
at the 5' -flanking region of the human GH gene (Barlow et 
al ., 1985). Recently, it has been shown that the 5'-flanking 
end of the human GH gene contains two more cis-acting DNA 
sequences (I and II) which can mediate negative apd positive 
I 
control on promoter acitivity (Peritz et al., 1988). 
Similarly, in the case of the rat growth hormone, 
discrete cis-acting genomic sequences that enhance gene 
transcription have been identified in the 5' -flanking region 
(Nelson et al., 1986; Crew et al., 1986). 
As fish genomic sequence isolated so far shows low 
degree of homology with the 5' conserved regions in the 
mammalian species, its gene transcription may be regulated by 
different mechanisms. Isolation and characterization of other 
fish GH genomic sequences would provide further information to 
resolve this. 
1.4.6 PRODUCTION OF TRANSGENIC FISH 
The introduction of novel gene into fish may 
enhance the production of commercially valuable protein and 
also allow the study of the relationship between gene 




genom1c cop1es. cDNA ! la'cks introns, promot e rs a n d fl a nk ing 
sequences. Therefore, there is always some doubts abou t u S1ng 
cDNA fortransgenic expression. Hence the genom1c seque nc e ma y 
have advantage over cDNA in this aspect. 
The metallothionein-human GH (MT-hGH) fusion gene 
has been successfully introduced into m1ce and resul ted 1n 
enhanced gro~7th rate (Palmiter et al., 1983). Moreover, the 
same constructs have been microinjected into sheep, p1gS and 
rabbits (Hanner et al., 1985) and expressed in these animals. 
A plasmid containing human GH cDNA has also been transferred 
into the fertilized rainbow trout eggs efficiently (Chourrout 
et al., 1986). 
The mouse metallothionein promoter spliced with 
genom1c cop1es of rat GH gene were microinjected into the 
fertilized rainbow trout eggs and resulted in enhanced growth 
rate (Maclean et al., 1987). 
The cloning of the genom1c sequence of fish GH and 
the introduction of it into the fish eggs will open an active 
area of research to 1mprove methods of growth induction 1n 
fish. 
1.5 PURPOSE OF PRESENT STUDY 
The primary purpose of the present study is to 
clone the grass carp GH gene. In order to enhance the cloning 
efficiency, an enriched genomic library was constructed. It 
was then screened for the GH gene with the full length grass 
carp GH cDNA as the probe. The posi tive signal was then 
purified and further characterized. The final a1m 1n the 
· molecular cloning of the genom1c sequence of the growth 
hormone gene allo1i-7s further analysis on the control seque nc e 
15 
of the structural gene. By comparlng the g e nomlc s e qu e n c e 
with other species, much better understanding on the events of 
molecular evolution can be obtained. Furthermore, the g e n omic 
sequence would provide the necessary handle for further work 
on transgenic experiments. 
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CHAPTER 2 
CONSTRUCTION OF A GENOMIC LIBRARY 
2.1 INTRODUCTION 
For the molecular cloning of genomic DNA, a genomic 
library should first be constructed. A perfect genomic DNA 
library would contain DNA sequences representative of the 
entire genome, in a stable form and has a manageable number of 
overlapping clones. The cloned fragments should be large 
enough to contain whole genes and their flanking sequences. 
On the other hand they should be small enough to be mapped 
I 
\ 
easily by restriction enzyme analysis (Kaiser et al., 1985). 
For the cloning of the rainbow trout GH gene, a 
genomic library was constructed in Char on 4 (Agellon et al., 
1988) . DNA was first purified from testes dissected from a 
single trout, partially digested wi th Eeo RI and then cloned 
in to Charon 4 • For the cloning of the Atlantic salmon GH 
gene, the gene library was constructed by cloning a partially 
8au3A-digested salmon-sperm DNA into the phage vector AEMBL 3 
(Johansen et al., 1989). 
In the present study, for the cloning of grass carp 
GH gene, an enriched genomic library was constructed by 
cloning spleen DNA into the phage vector Agtll. An enriched 
library is a library of genomic sequences in which, instead of 
the total genomic DNA, only the fraction of the total DNA 
containing the gene of interest is cloned. 
The structure of the expression vector ~gtll (lae5 
eI857 nin5 8100) is shown in Fig. 1 (Huynh et al., 1985). The 
cloning site is located within the lae Z gene, 53 bp upstream 
from the ~-galactosidase translation termination codon. This 
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phage vector produces a temperature-sensitive repr essor 
( cI8 57) which 1S inactive at 42°C, and contains an amber 
mutation (S100 ) which renders it lysis-defective 1n hosts 
which lack the amber suppressor sup F. 
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Fig. 1 Map of Agtll. Restriction endonuclease cleavage sites are 
designated in kilobase pairs from the left hand. *, A attachment site. 
The transcriptional orientation of lac Z is indicated by the horizon-
tal arrow. The sequence of the unique Eco RI site, the nucleotides that 
immediately surround it, and the amino acids encoded are shown below 




An enriched genom1c library 1i-7aS construc ted to 
! 
I 
enhance the cloning efficiency of the grass carp GH gen e . 
Total genomic DNA was i first extracted and purified from the 
spleen. In order to screen out the fraction of genomic DNA 
which is enrich in GH genes, total genomic DNA was completely 
digested with different restriction enzymes and hybridized 
with a grass carp GH cDNA probe. Any restriction enzyme that 
generates a single band 1S considered to be suitable for 
bracketing the GH gene. By selecting an enzyme which will 
generate a band around 4 to 6 kb, we can then limit the length 
of the clone to a manageable Slze and yet large enough to 
contain the entire gene. The enriched DNA can then be cloned 
into Agtll after the addition of Eco RI linker. 
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2.3 MArERIALS AND METHODS 
2.3.1 MATERIALS 
TEN 9 




10mM Tris-Cl, pH 3 
1mM EDTA 
Phenol 
for preparation see Appendix B 
Restriction Enzymes:-
Alu (8U/l-ll) from Amersham Internati gnal, U.K. 
Bgl 11 (10U/l-ll) froln Promega 
EcoRI (20U/l-ll) from Promega 
HinfI (12U/l-ll) from Amersham International, U.K. 
PstI (20U/l-ll) from Amersham International, U.K. 
HindlII (18U/l-ll) from Promega 
Scal (10U/l-ll) from Promega 
Buffers for Restriction Endonuclease Digestion:-
Low Salt Buffer 
10mM Tris-Cl, pH 7.5 
10mM MgC1 2 
1mM Dithiothreitol 
Medium Salt Buffer 
50mM NaCl 




1mM Di thi:othrei tol 
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High Salt Buffer 
100mM NaCl 
50mM Tris-Cl, pH 7.5 
10mM MgCl 2 
ImM Dithiothreitol 
EcoRI methylase (20U/~l) from Promega 
DNA Polymerase (2.5U/~l) from AngLian Biotechology Co. 
T4 DNA Ligase (3U/~l) from Promega 
Klenow Fragment (9U/~l) from Promega 
Proteinase K (20mg/ml) Sigma 
DNase (10mg/ml) Sigma 
RNase (10mg/ml) Sigma 
Dissolve 10mg/ml RNase ln 10mM Tris-Cl, ~H7.5 and 
15mM NaCl. Heat to 100 0 C for 15 mln and allow to cool 
slowly at room temperature and store at -20 o C (Maniatis 
et al., 1982). 
5X Loading Buffer 
25% surcose 
! 
5mM sodium abetate 
! 
0.05% bromophenol blue 
0.1% SDS 
5X TBE (Tris-Borate) 
Per liter: 
Tris base 54g 
Boric acid 27.5g 
0.5M EDTA (pH 8) 20ml 











O.3M Trisodium Citrate 
Methylation Buffer 




50mM Tris-Cl, pH 7.5 
lOmM MgC1 2 
lOmM DTT 
lmM ATP 
lOX Ligation Buffer 
O.5M Tris-Cl, pH7.4 





EcoRI linker (Sigma) 
d(GGAATTCC) 
SAM (S-Adenosyl-L-[methyl-3H] methionine) 





Bacto-yeast extract 5g 
NaCl 109 
Adjust pH to 7.5 with NaOH 
I 
I LB agar plate (1.5~) 
lSg agar per liter LB medium 
LB top agarose (O.S%) 




MgS0 4 .6H 20 ' 2g 
1M Tris-Cl (pH 7.5) SOml 
2% gelatin 5ml 
PEG (polyethylene glycol) 
2% X-gal (Sigma) 
5-bromo-4-chloro-3-indoly-~-D-galactopyranoside In 
dimethylformamide 
O.lM IPTG (Sigma) 
isopropyl-~-D-thiogalactopyranoside 
Protoclone Agt11 System DNA (Promega) 
The system is EcoRI-digested alkaline phosphatase-
t rea t e d I\. g t 11 arm s . 
Y1090 (r-) (Promega) 
The genotype is E.coli lacUl69proA +lon araD139 
strA supF [trpC: :TnlO] (pMC9). (Huynh et al. I 1985) 
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2.3.2 PROCEDURE 
I 2.3.2.1 EXTRACTION OF TO~AL GENOMIC DNA 
Total genomi~ DNA was first extracted and purifi ed 
from the spleen of the grass carp (Herrmann et al., 1987). A 
spleen, about 3g, was dissected from a single grass carp and 
placed in a mortar, filled with liquid nitrogen. A pestle was 
used to break the frozen tissue into small pleces and the 
tissue was then ground to powder. The p0v-7der was transferred 
onto the surface of 20ml TEN9 buffer containing 100wg/ml 
DNase-free-RNase. The solution was swirled to submerge the 
material and then transferred into a 50-ml plastic tube. The 
tube was shaken at room temperature for 10 min. One ml 20% 
SDS was added and shaking was continued for another 10 mln. 
One ml proteinase K (lOmg/ml in water) was added and the tube 
was incubated at 55°C with shaking overnight. The solution 
was transferred into a glass bottle and 20 ml phenol was 
added. The bottle was shaken at room temperature for about 2 
hr and the mixture was then centrifuged ln a 50-ml plastic 
tube for 10 mln at 3000 rpm to separate the phases. The 
phenol phase was removed. Phenol extraction was repeated 
three more times and afterwards the aqueous phase was 
transferred into a Corex tube and centrifuged at 9000 rpm for 
The supernatant was then dialyzed against 2 1 
TE at room temperature for 2 hr, then at 4°C overnight with 
two changes of buffer. After dialysis, sodium acetate 
(pH6.5) was added to a final concentration of 0.3M. Ice-cold 
2-propanol was added slowly and DNA was spooled out wi th a 
sterilized glass rod. The DNA was dissolved in 20 ml TE. 
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For the determination of the amount of DNA and the 
estimation of puri ty, the absorption of the DNA sampl e was 
read at 260 nm and 280nm (Maniatis et al., 1982). To l mprove 
purity, the DNA sample was dissolved in buffer and re-spooled 
as described. 
2.3.2.2 SOUTHERN BLOTTING AND HYBRIDIZATION 
The total genomlc DNA was digested wi th different 
restriction enzymes. In one series of enzyme digestion, each 
10 iJg of genomlc DNA was incubated with Alu I (32U), BglII 
(40U), EcoRI (80U), Hin fI (48U), Pst I (80U) respectively at 
37 0 C overnight. In another series, 1n addition to the 
previous five restriction enzymes r HindIII (72U) and Sea I 
(40U) were tried. The enzyme-diges ted DNA TtTaS loaded wi th 
loading buffer onto a 0.8% agarose gel for electrophoresis at 
30 V overnight and TBE was used as the running buffer. 
After electrophoresis r the DNA was depurinated, 
denatured and neutralized as follows: the gel was first soaked 
ln 0.2SM HCI for 15 mln at room temperature with gentle 
shaking. Then it was rinsed with distilled water and soaked 
in denaturation buffer for 30 min. Afterv.lards, the gel was 
rinsed with distilled water and placed ln a neutralization 
buffer for 15 min and this procedure was then repeated once. 
i 
I 
The DNA on the agarose gel was transferred onto a 
nylon filter (Hybond N+, Amersham) by Southern Blotting. 
I 
The 
set-up 1S · shown ln Fig. 2. A tray was filled with blotting 
buffer (20X SSC). A glassplate, acting as as platformr was 
covered wi th a wick made from three sheets of Whatman 3NH 
filter paper saturated with 20X ssc. The gel ~vas pl a ced on 
the platform . A sheet of Hybond N+ membran e r cut to si ze and 
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weight ~=~----;lllllllil'---------- paper iowels 
gel, ~3MM 
:3 MM wick ~ nitrocellulose filler 
transfer buffer ~11 ~\~~~ff~_~========~r~\----~I 
I 
Fig. 2 A typical Southern blotting apparatus. 
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pre-wetted in 6X SSC, was placed on the gel. Thr ee shee t s of 
3tv1H paper, cu t to Slze and we t ted wi th 20X S SC ~Tas pl aced on 
top of the Hybond N+. A stack of absorbent paper towe ls, 10 
cm high, was placed on top of the 3MM paper. A heavy weight 
was then placed on top. The paper towels were changed after 2 
hr and then blotting was continued overnight. 
After blotting, 
i 
the DNA was fixed by alkali. 
fixation. This was do~e by placing the filter on a pad of 3 
sheets of 3MM paper soaked ln .0.411 NaOH for 20 mln. The 
. . Hybond N+ was rinsed briefly by lmmerslng ln 5X SSC with 
gentle agitation. 
The Hybond N+ membrane was pre-hybridized ln 10ml 
hybridization - buffer at 37 0 C for at least 1 hr. The 
hybridization buffer Has pr~pared by dissolving a 
hybridization tablet (DNA profiling kit: Amersham) in 10ml 
water. 
probe. 
Full length grass carp GH cDNA ~7as used as the 
It was labelled with 32p by multi-prime labelling (for 
protocol see Appendix B) . The labelled probe was denatured by 
boiling for 5 min and followed by snap cooling on ice. The 
denatured probe was then added directly in to the plastic bag 
containing the filter in hybridization buffer. Hybridization 
was carried out at 65 0 C overnight. 
After hybridization, the membrane was washed twice 
with 2X SSC, 0.1% SDS for 15 min at room temperature, followed 
by 0.05X SSC, 0.1% SDS for 30 min at 65 0 C twice. The membrane 
was then ~Trapped ln Saran Wrap and exposed to Hyperfilm-MP 
(Amersham) using two intensifying screens at -70°C ove rnight. 
The film was then developed and fixed. 
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2.3.2.3 EXTRACTION OF THE GH GENE ENRICHED DNA FRACTION 
A hundred ~g of total genomic DNA was dig e sted with 
Hi nd I I I ( 7 2 0 U ) a t 37 0 C 0 v ern i g h t . The HindIII-digest e d DNA 
was then loaded onto a 0.8% preparative agarose g e l a n d 
subjected to electophoresis at 30 V overnight. A section of 
the gel was cut off. The DNA on it was blotted onto a filter 
and then hybridized with the grass carp GH cDNA probe to 
locate the GH gene enriched fraction. 
The slice of gel containing the DNA of interest was 
I 
cut out v.lith a sharp ;scalpel. It was then placed inside a 
dialysis tubing (for :treatment of tubing, see Appendix B). 
The bag was filled with autoclaved 0.5X TBE and the ends 
clamped closed. The dialysis bag was then immersed ln a 
electrophoresis tank with o.SX TBE and electroeluted at 80 V 
for 1/2 hr. At the end of the run, the current was reversed 
for 30 sec. The dialysis bag ' was removed and the buffer 
containing the eluted DNA collected. DNA was extracted twice 
with an equal volume of water saturated with butan-2-o1 
followed by diethyl ether. The trace amount of diethyl ether 
remaining could be removed by incubating the sample at 70°C 
for 10 mln. The sample was then extracted wi th an equal 
volume of phenol, followed by phenol:chloroform:IAA (25:24:1) 
and then chloroform:IAA (24:1). 
DNA was precipitated by adding one tenth volume of 
3M sodium acetate (pH 5.2) and two volumes of 100% ethanol at 
-20o C overnight. The pellet was then washed with 70% ethanol 
twice and then speedvac dry. Finally, the DNA was dissolved 
in 40l-ll water. 
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In order to confirm that the eluted fraction was 
enrich with GH gene, the eluted DNA was probed with t~e grass 
carp cDNA probe using spot hybridization. Seventy-five n g of 
the eluted DNA, 70ng of total genomlc DNA and 125 ng of 
control DNA were dissolved in 5~1 of lM NaCl, O.lM NaOH and 
! 
10mM EDTA and then heated for 5 min at 100 oC. They were then 
. spot ted on to a Hybond :N+ membrane. The membrane was allowed 
to air dry for about 1/2 hr. The DNA was then fixed by alkali 
fixation. The membrane was then probed with GH cDNA probe. 
2.3.2.4 CLONING INTO PHAGE VECTOR LAMBDA GT11 
The electroeluted DNA was first methylated. One 
and a half ~g of the electroeluted genomic DNA was resuspended 
in 20 ~l methylase buffer and 1 ~l 3H SAM was added together 
with 1~1 EcoRI methylase (20U) and then incubated at 37 0 C for 
2 hr. The reaction was stopped by heating at 70 0 C for 10 min. 
The methylated DNA was then made blunt end by 
filling ln reaction Two and a half ~l 100 mM I1gC1 2 was 
added to the above methylation mixture. Afterwards, 1.25 ~l 
each of 0.4mM dATP, dGTP, dTTP, dCTP and 1 ~l DNA polymerase 
(2.5U)were added and incubated at 37 0 C for 10 mln. The 
reaction was stopped by adding 10~1 50 mM EDTA and incubating 
at 70 0 C for 10 min. 
Free nucleotides were removed by ul trafil tration 
uSlng a Centricon 30 I cartridge for protocol see Appendix 
B) . The DNA sample was then resuspended ln 4 ~l kinase 
buffer. One ~l (O.l~g/~l) Eco RI linker was added followed by 
Y2 ~l T4 ligase (1.5U) and incubated at 16 0 C overnight to 
ligate the linkers onto the DNA. 
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To the 5~l ligation mix, 1.5~l lM Tri s (pH 7.5), 
l~l 1M NaCl, 5.6~l H20 and l~l EcoRI was added and incubated 
at 37 0 C for about 4 hr. The EcoRI digestion was stopped by 
incubating at 700 C for 10 min. 
Free linkers were then removed by Centricon 30'. 
The resulting DNA sample was re suspended in 25~l water. 
In order to determine the optimum ligation 
condition for cloning into Agt11, different ratios of vector 
to insert were tried out: 
Arm/Insert Ratio Agt11 Genomic DNA (6kb) 
1:1 500ng 80ng 
2:1 500ng 40ng 
4:1 500ng 20ng 
The above ligation mixture were incubated with ligation buffer 
at 42°C for 30 min and then ~ ~l T4 ligase (l.5U) was added to 
each and incubated at 16°C overnight. 
In vitro packaging (Maniatis et al., 1982) of the 
ligated DNA was then performed. Sonicated extracts and 
freeze/thaw lysate were allowed to thaw on ice. The 
I 
I 
freeze/thaw lysate was I transferred to the sonicated extract 
and DNA was then added. Themi~ture was incubated at room 
temperature for 1 hr and at the end, o . 5ml SM medium was 
added together with a drop of chloroform. 
The in vitro packaging efficiency of each ligation 
reaction was titered by plating out the phage on E.coli strain 
Y1090. An overnight culture of E.coli Y1090 was prepared and 
100~l of the packaged phage at different dilutions was added 
to 200~l Y1090 bacterial cell culture containing 30~l 1M 
The mixtures were then incubated at 37 0 C for 15 min. 
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Fifty 1-11 2% X-gal and 201-11 O.lM IPTG and 3 ml 0.5% mol t e n 
(45 0 C) top agar was added to the diluted phage stock. The 
whole mixture was then poured on top of an LB agar plate a n d 
incubated at 42 0 C overnight. 
The ligation reaction was repeated with vector to 
insert ratio 2:1. The packaged phage obtained from the four 
ligation mixtures were pooled to form the final enriched 
genomic library. 
2.3.2.5 STUDIES ON THE ENRICHED GENOMIC LIBRARY 
The enriched genomlc library constructed as 
described above was titered to determine the Slze of the 
library. 
Ten clear plaques were picked at random to 
-
determine the general insert Slze. Each clear plaque was 
picked wi th a glass pipet. The agar plug thus obtained was 
then immersed in 0.5ml SM with 1 drop of chloroform and shaken 
at room temperature for 4 hr. Agar and cell debris were 
removed by centrifugation. The supernatant containing the 
phage was then stored at 4 0 C with a drop of chloroform. 
The phage from each plaque was plated out to 
confluent lysis; approxi~ately 10 4 p.f.u. per plate. Three ml 
SM was added to each pl~te and the plate was swirled gently at 
room temperature for 2 hr. The SM medium was recovered for 
extraction of phage DNA. 
To 1ml of phage solution, 1pl DNase (1mg/ml) and 
101-11 RNase (1mg/ml) were added and incubated at 37 0 C for 30 
mln. It ~7as then centrifuged to remove the debris. To the 
supernatant, 1001-11 40% PEG 6000 and 100lJl 5H NaCl were added 
and incubated at room temperature for 15 min. The mixtur e was 
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then centrifuged at 13000 rpm for 15 mln and th e sup e rnat a nt 
was discarded. The phage pellet was resuspended in O. 5ml SI1 
and 5\Jl 10 96 SDS, 5\Jl 0.5M EDTA were added and incuba ted at 
68 0 C for 15 mln. Afterwards, DNA was purified by phenol-




The phage DNA TNas cut wi th EcoRI to release the 
insert DNA. The digested DNA was end-labelled with a- 32 p dATP 
before loading onto the agarose gel. To each digestion mix, 
one third of a microlitre a- 32 p dATP was added with l\Jl Klenow 
fragment and incubated at room temperature for 30 min. The 
reaction was stopped by heating at 70°C for 10 min. The end-
labelled DNA was then loaded onto an agarose gel for 
electrophoresis. After the run, the gel was dried under an 




The total genomlc DNA extracted from a gr ass c a rp 
spleen was run on a 0.3% agarose gel and the result is shown 
in Fig.3. The total genomic DNA has a Slze greater than 23 kb 
and not much smear1ng can be seen. The spectrophotometric 
measurements of total genom1c DNA after the first and the 
second spooling lS shown ln Table 1. The final yield of 
genom1c DNA is calculabed to be 2.84 mg. 
I 
The genom1c i DNA was then digested wi th different 
restriction enzymes. The patterns of restriction enzyme 
digested-DNA after hybridization with grass carp GH cDNA probe 
are shown 1n Fig. 5 and Fig. 6 . For Alu I digestion, three 
bands of size around 0.7 kb, 0.5 kb and 0.3 kb are observed; 
for Bgl II digestion, three bands of Slze 6 kb, 3.4 kb and 1.2 
kb are seen; for Eeo RI digestion, two bands of Slze about 23 
kb and 2.3 kb (a faint band 1S seen 1n the original 
autoradiography film but difficult to see 1n the photo) are 
seen; for Hin f1 digestion, three bands of size 0.9 kb, 0.4 kb 
and 0.3 kb are seen; for both Pst I and Sea I digestions, a 
single band of Slze around 23 kb 1S seen; for HindI1I, a 
single band of size around 6 kb is seen. 
Based on these resul ts, HindII1 appears to be the 
most suitable enzyme to generate an enrich genomic library for 
the grass carp GH gene. Thus, a large preparation of genomic 
DNA was digested with HindIII and run on a 0.8% preparative 
agarose gel. Two lanes from the gel v.7as cut and hybridized 
wi th the GH cDNA probe to locate the GH enriched fraction. 
The re suI t 1S shown 1n Fig. 7. As expected r a band of th e 
size around 6 kb is seen in both lanes. After electroelution , 
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the fraction was confirmed to be enriched with GH gen e by spot 
hybridization and the r e sult is shown in Fig. 8 . Non-specific 
DNA acted as a background control, and as indic a t ed the 
enriched fraction gave a much darker positive signal th a n the 
total genomic DNA. 
Using the 6 kb fragments from the HindIII digested 
genomlc DNA, an enriched genomic library for the GH gene was 
then constructed ln Agtll. The titer of the final library is 
6 1.08xlO p.f.u .. Ten clear plaques were picked at random and 
the Slze of the insert DNAs were determined by end-labelling. 
The result is shown in Fig. 9. Among the ten clones, five of 
them have insert size less than 2 kb, two of them have insert 








Fig. 3 Both lane 1 and 2 are total genomic DNA 





O.D· 260 ' O.D· 280 O.D·260/0.D·280 
~ 
first spooling 1.26 0.64 1.97 
second spooling 1.42 0.76 1.87 
Table 1. Spectrophotometric measurement of total genomic DNA. 
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Fig. 4 Pre-labelled 3sS-DNA markers. (Amersham). 
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... : 1 
Fig. 5 Band pattern of total genomic DNA after 
re~triction enzymes digestion and GH cDNA hybridi-
zation. Lane 1: Pst I, 2: HinfI, 3: EcoRI, 4:Bgl 11, 
5: Alu I. 
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Fig. 6 Band pattern of total genomic DNA after restriction 
enzymes digestion and GH cDNA hybridization. Lane 1: Sca I, 
2: Pst I, 3: HinfI, 4: HindIII, 5: EcoRI, 6: Bgl 11, 
7: Alu I. 
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"...,6 kb" -. ~ 6 kb 
Fig. 7 Hybridization of two lanes of Hind Ill-digested 
genomic DNA with CH cDNA. 
40 I 
I 
Fig. 8 Spot hybridization. Dot a: electroeluted fraction, 



















Fig. 9 End-labelling of EcoRI-digested phage DNA 




For the construction of a genomic library , high 
molecular weight DNA should first be generated. In the 
present study, spleen DNA was chosen for extraction because 
spleen can be easily dissected from the fish and it usually 
gives very high yield of DNA. 
As high molecular weight DNA is necessary for 
generation of genomic library, great care was taken while 
handling the DNA throughout the process of extraction. A 
gentle method of extraction was chosen. After lysis of the 
cell, protein was removed by phenol with gentle shaking. 
Instead of using ethanol to precipitate DNA, spooling was 
used. The integrity of the genomic DNA was checked by running 
the total genomic DNA on a low percentage agarose gel. As can 
be seen from Fig. 3, the size of the genomic DNA is on the 
I 





The puri ty of the extracted DNA was moni tored by 
absorption at 260 nrn and 280nrn. I Pure preparation of DNA has 
an O.D'260/0.D.280 of 1.8. If there is contamination with 
protein or phenol, the ratio will be significantly less than 
the above value. On the other hand, if too much RNA is 
present, the ratio will approach 2. After the first spooling, 
the ratio of the extracted DNA is 1.97 which is too high. In 
order to improve the puri ty of the DNA extracted, DNA was 
spooled again to remove impurities. The ratio is improved to 
1.87 on the second trial. 
From the resul ts of restriction enzymes digestion 
(Fig. 5 and 6), EcoRI produced two bands, indicating that the 
GH gene has at least one internal Eco RI sites. Alu I, Bgl II 
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and HinfI produced three bands, indicating that the g en e h as 
at least two internal sites for these enzymes. As for 
HindllI r Pst I and Seal, they all yielded a single band. The 
size of the band from Pst I and Sea I digestion was around 23 
kb while that from HindIII was around 6 kb. HindIII 1S 
chosen as the restriction enzyme for digesting the total 
genomlc DNA because it glves a single band and the size of the 
restricted fragment 1S large enough to bracket the whole gene 
and small enough for convenience in handling. Furthermore r as 
HindlII-digested genomlc DNA gives a single band r this implies 
that the grass carp GH gene occurs as a single copy ln the 
genome. 
After complete digestion of total genomlc ~ DNA wi th 
HindIII, the fraction eluted was confirmed to be enriched with 
I 
I 
GH gene by spot hybridization (Fig. 8). As the unique cloning 
site in Agtll is Eco RI, linkers were required to add on the 
insert for cloning. , ," 
A9tll was chosen as the cloning vector mainly 
because of its suitable cloning capacity; maximum insert size 
of around 7 kb. Furthermore, the use of a phage vector 
instead of a plasmid vector makes it possible to take 
advantage of the high efficiency and reproducibili ty of 1n 
vitro packaging as a method for introducing DNA into E. coli. 
Another advantage of the A vector 1S that screening by DNA 
hybridization 1S more efficient for phages (plaque-
hybridization) than for plasmid (colony hybridization) . 
We have generated an enriched genom1c library 
consisting of 1.08xl0 6 p.f.u. 1n i\gtll. The Slze of the 
insert DNAs ln the ten randomly picked clear plaque v~ere fou nd 
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to be around 1 to 2 kb with a maximum of 4kb. This result can 
be explained by the presence of Eco RI si tes in the HindIII 
digested DNA fragments which may not have been protected by 
methylation. DNA fragments of less than 6kb were probably 
generated during the digestion of DNA with EcoRI after 
ligation wi th the linkers. This problem can be avoided· by 
the use of an adaptor instead of a linker to generate EcoRI 
sites. Furthermore, breakage of DNA may occur throughout the 






For the isolation of the GH gene, the genomlc 
I 
library was screened with a radioactively labelled full length 
grass carp GH cDNA p~obe. In the prlmary screenlng, the 
genomic library was plated on agar plates. The plaques formed 
were blotted onto nitrocellulose filters. The fil ters were 
then hybridized with the radioactive probe. After washing and 
autoradiography, the positive clones were picked from the agar 
plate and further purified by repeated plating and 
hybridization. In order to characterize the positive clones, 
DNA was extracted to determine the insert Slze. 
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10X Dendhardt's solution 
100X Dendhardt's Solution 
2% bovine serum albumin 




3.2.2.1 PRIMARY SCREENING 
The genom1c library was plated out at a 
concentration of 5.2x10 3 p.f.u. per agar plate (diameter: 
8 Omm) . The plates were incubated at 42 0 C until the plaques 
were just visible to the naked eye. The plates were then put 
1n a refrigerator at 4 0 C for 1/2 hr. Dry nitrocellulose 
filters were laid onto the plates. The plates were then 
returned to the incuba tor and incuba ted at 42 0 C for 30 m1n. 
Filters were peeled off from the plates and laid, plaque side 
up, on a stack of three sheets ' of 3Ml1 paper saturated wi th 
denaturation solution for 5 m1n. The filters were then 
transferred to a stack of 3HM paper saturated ¥7i th 
neutralization buffer. After 5 mln, the filters Ti/ere 
transferred to paper saturated with 4X SET buffer for 10 mln. 
The filters were then placed on dry 3NM paper and air dried 
for about 30 min. Next, the fil ters were sand~tViched between 
sheets of 3MM paper and baked at 80°C for 2 hr. The filters 
were ready for hybridization. 
The probe, grass carp GH cDNA Has labelled by 
nick translation to a specific activity of 10 7 or 10 8 cpm/wg 
(Amersham, for protocol see Appendix B). The fi1 ters ~lere 
prehybridized at J +n hybridization buffer for at least 1 
hr and then hybridized ~ith the probe at a radioactivity of at 
least 10 6 cpm/ml overnight. The fil ters were washed twice 
with 2X SSC containing 0.1 96 SDS at room temperature for 15 
m 1 n , f 0 11 0 wed t w ice by O. 0 5 X S S C con t a i n i n gO. 1?'(5 S D Sat 6 50 C 
for 30 min. The filters were then expos e d to X-ray film at -
70°C overnight. 
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3.2.2.2 PURIFICATION OF POSITIVE SIGNAL 
The plaque giving a positive signal was pick e d fr om 
the agar pIa te and resuspended in 0.5 ml SN wi th a drop of 
chloroform. It was shaken at room temperature for 2 to 3 hr. 
After centrifugation to remove cell debris and agar, the 
supernatant containing the phages was stored at 4 o C. This 
phage stock was then plated out at a lower concentration and 
I 
i 
hybridization li-7ith the cr:DNA probe was repeated. This entire 
process was repeated until a single clone was isolated r l.e., 
when plated out r every plaque gave a positive signal. 
3.2.2.3 DNA EXTRACTION FROM POSITIVE CLONE 
After the fourth cycle of plating, SJ.X purified 
clones v.Tere obtained and the i r Dl',TAs TrT2re extrac ted. After 
digestion with Eco Rlrthe DNA was blotted onto a filter and 
then hybridized with the radioactively labelled grass carp GH 
cDNA probe. 
In order to further confirm the result of the EcoRI 
digestion on the positive clones r the six purified clones were 
replated and ,reprobed agaln. Nine plaques were selected this 
time. DNA extraction r Eco RI digestion and hybridization were 
repeated for these nine clones. 
In order to confirm that the GH genomic sequence 
contains internal Eco RI sites within the HindIII restriction 
fragment r about 1 IJg of 6kb HindllI-digested total genomic DNA 
fraction was digested with EeoRI. The digested DNA was run on 
agarose gel. The DNA was then blotted onto filter and 
hybridized with the radioactivity labelled GH cDNA. 
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3.3 RESULT 
For the prlmary screenlng, a total of 3.7x 1 0 5 
r e combinants have been scre e ned. A singl e positive signa l was 
isolated in plate no. 38 as sho~7n in Fig. la. To purify th e 
positive clone, the plaque corresponding to the positive 
signal ~7as picked and replated and rehybridized three more 
! 
times. As shown ln Fig. lb-d, enrichment of the positive 
I 
I 
signal can be seen. From the fourth cycle of plating, SlX 
positive signals were picked. They were then repla ted and 
hybridized with the cDNA probe. The result is shown in Fig. 
:2. EV 2 r::l plaque on the plates corrf;:sponc1ed to a posi tive 
'I 
signal on the film. I 
From the SlX plaques picked fro m the fou~rth cycle ~ I 
of scr ~~(::ning, phage DNA l1ITaS extracted and diges ted wi th EcoRI. 
Southern blots were made and they were hybridized with the GH 
cDNA probe (Fig. 3). EcoRI-digested phage DNA in lane 1 and 2 
shows a single band of around 7. 7 kb. In lane 3 to 6, in 
addi tion to the 7. 7 kb band, there are two more bands of 
around 3 kb and 1.8 kb. The presence of three bands implies 
that there are internal Eco RI si tes in the DNA insert. The 
single band observed 1n lane 1 and 2 1S probably due to 
incomplete digestion. In order to confirm the result of Eco 
RI digestion on the DNA insert, nlne more plaques were picked 
from the fifth cycle of plating, DNA was extracted, digested 
and hybridized as above and the result is shown in Fig.4. All 
of them show the same resul t, three bands of size around 7.7 
kb, 3 kb , 1.8 kb and a small fragment of several hundred base 
palrs. This result implicates that these clones are all 
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identical and there are internal Eco RI sites within the DNA 
insert. 
In order to verify whether there are internal EeoRI 
sites within the GH gene, the 6 kb HindIII-digested genomlc 
DNA fraction was digested wi th EcoRI. The digested DNA was 
then blotted onto nylon fil ter and hybridized wi th the .grass 
carp GH cDNA. The resul t lS shown in Fig. 5. The same band 
pattern, l.e., three bands of around 7.7 kb, 3 kb ,1.8 kb and 
a small fragment of several hundred base palrs, as the 
positive clone is observed. 
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Ca) 38 Cb) 381 
Cc) 3813 Cd) 38135 
Fig. 1 A positive signal from Ca) 1st cycle of screening, Cb) 2nd cycle 
of screening, Cc) 3rd cycle of screening, Cd) 4th cycle of screening. 
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Fig. 2 Positive signals from the six plaques picked from the fourth 
cycle of screening. 
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1 2 3 4 5 6 
- 7.7 kb 
-3 kb 
- 1.8 k b 
Fig. 3 Phage DNA extracted, digested with Eco RI and hybridized 
with GH cDNA probe. Phage DNA from plaque, 1: 381357, 2: 38135.6, 
3: 381354, 4: 381353, 5:381352, 6:381351. 
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Fig. 4 Phage DNA extracted, digested with Eco RI and hybridized 
with GH cDNA. Phage DNA from plaque, 1: 3813652, 2: 3813561, 
3: 3813544, 4: 3813542, 5: 3813541, 6: 38135122, 7: 3813521, 







Fig. S· Hybridization of Eco RI cut Hind Ill-digested 
genomic DNA with grass carp GH cDNA. Size markers are 
shown (in kb) on thp. right. 
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3.4 DISCUSSION 
A total of 3.7xl0 5 of recombinants we r e screened in 
the enriched genomic library we have pre p are d. Only one 
positive clone was isolated. The posi t ive clone wa s pur ified 
by four cycles of plating and hybridiz a tion . For b o th 
hybridization and washing, high stringent condition ( i.e. h i gh 
temperature and low salt concentration ) was chos e n . Und e r 
high stringent condition, only sequences of high h omology wi th 
the probe will be bound. 
The EcoRI digested-DNA of the positive c l one s hows 
three bands of size around 7. 7 kb, 3 kb 1.8kb and a s mal l 
fragment of several hundred base pairs. This result indica tes 
that there may be internal EcoRI sites within the ~ GH genomi c 
sequence. The presence of the 7. 7 kb fragment was probabl y 
due to incomplete digestion. In order to prove this , the 6kb 
fraction of the HindIII-digested total genomic DNA was 
digested wi th EcoRI. 
with the GH cDNA 
The doubly cut DNA was then hybridizi ed 
probe. The result obtained from this 
experime n t gave the same band pattern as the positive clone. 
This indicates that the positive clone probably contains the 
potential GH gene and there are EcoRI sites wi t hin the 
HindIII-digested fragment. As the full length DNA i nsert is 
7 . 7 kb and upon EcoRI digestion and cDNA hybridizat i on, only 
three bands of size 3 kb, 1.8 kb and several hundred b p can be 
seen in the film, this impli e s that only thr ee f r a gments can 
hybridize with the GH cDNA while the rema ining s equence 
may not b e car r y ing the GH gene. 
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CHAPTER 4 
STUDIES ON THE POSITIVE CLONE 
4.1 INTRODUCTION 
In this chapter t the posi ti ve clone obtained previously 
was further characterized. Phage DNA was extracted from the 
positive clone and digested with EcoRI to release the insert. 
Since the insert has internal EcoRI si tes t enzyme digestion 
was not carried out to completion. The full length insert DNA 
was isolated and electroeluted. This insert was subsequently 
digested with different restriction enzymes and Southern 
blotted onto nylon filters. 
hybridization with GH cDNA. 
Band patterns were visualized by 
The information gathered from 
different restriction enzyme digestion was used to ~onstruct a 
restriction map. Selected restriction fragments were 
subcloned into plasmid vector, pUC18, for sequencing. 
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4.2 MATERIALS AND METHODS 
4.2.1 MATERIALS 
I Restriction Enzym~s 
NcoI 20U/01 from Promega 
SacI llU/~l from Boehringer Mannheim Biochemicals 
BglII 20U/Wl from Amersham International, U.K. 
HhaI 20U/~l from Promega 
5X Kinase Buffer 
O.5M Tris-Cl r pH 7.6 
O.lM MgC1 2 
50mM DTT 
ImM Spermidine 
ImN EDTA, pH 8.0 
T4 Polynucleotide Kinase 7U/~1 
from Amersham International r U.K. 
10X CIP Buffer 
0.5M Tris-Cl, pH 9.0 
10mM MgC1 2 
ImM ZnC1 2 
10mM Spermidine 
CIP (Alkaline Phosphatase) 6.7u/~l from Pharmacia 
lOX STE 
100mM Tris-Cl, pH 8.0 
lM NaCl 
10mM EDTA 
The genotype of E.coli JMI09 lS recAl, endAl, gyrA96, 
thir hsdR17, sup E44 r relAl r A-, (lac-proArB) , F' 
tra D36 r pro Ar B r laclqZ-M15. 
SOB medium 
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Bacto tryptone 2% 
Bacto yeast extract o . 5?6 
NaCl 10mN 
KCl 2.5mH 
MgCl 2 10ml1 




SOB medium plus 20mM glucose 
KCI 
MnCI.4H 20 








DMSO and DTT solution 
Ampicillin plates 




lysozyme ! 2mg/ml 




1% SDS ln 0.2N NaOH 
Tris, EDTA & RNase Buffer 





4.2.2.1. INSERT DNA PREPARATION 
Phage DNA was extracted froIn the positive clone and 
then diges ted wi th EcoRI. As the insert has internal EcoRI 
sites, partial enzyme digestion was carried out by controlling 
incubation time. The full length DNA insert was then 
electroeluted. 
4.2.2.2 SINGLE ENZYME DIGESTION 
Forty ng insert DNA was digested with a single 
restriction enzyme. The restriction enzymes used were: EcoRI, 
BamHI, PstI, BqlII, NcoI, SacI and TaqI. The restriction 
enzyme~digested DNA V.Jas separated by agarose electrophoresis 
and blotted onto nylon filter. The blot vvas then h.Ybridized 
with the radioactive labelled grass carp GH cDNA and the 
pattern obtained was visualized by autoradiography. 
4.2.2.3 DOUBLE ENZYME DIGESTION 
Insert DNA was digested with two restriction 
enzymes. The combinations were NcoI and BqlII, NcoI and SacI, 
SacI and BqlIIo After electrophoresis, the digested DNA was 
blotted onto filter and hybridized with the grass carp GH cDNA 
probe. 
I 
4.2.2.4 PREPARATION OF POSITION SPECIFIC PROBES 
A 5 I end specific probe', HS (head specific) probe, 
of the grass carp GH cDNA, was prepared. The full length GH 
cDNA li>TaS completely diges ted wi th HIla I. The fragment marked 
HS in Fig. 1, 250 bp long, was used as the probe. It was 
electroeluted and radioactively labelled by multi-prime to a 






~ (J 0 ~ ~ 
.:: ~ u ,... 
Ibp ::::Ul z 
00 t:l 
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5' I I J' 
,t 
HS ~ .J-:" : . ,-
Fig. 1 A restriction map of grass carp GH cDNA is shown. 
The fragment marked HS is used as 5' end specific probe. 
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Another probe, TS, specific for the 3' end o f the 
grass carp GH cDNA ,was prepared by oligonucleotide synthesis . 
It has the sequence, 5'TAGCTCATGCTGTTCTCTTGAAG3' , and 
corresponds to 1115bp-1137bp in the cDNA. This probe was 
radioactively labelled by kinasing with T_ 32 p-ATP. 
For kinasing 20~l (200~ei, Amersham) T_ 32 p-ATP 
was pipetted into a microfuge tube and dried tinder ni trogen. 
To the dried T_ 32p-ATP, 10~l 5X kinase buffer, 3~l T4 kinase 
and 160ng DNA probe in 17~l water were added. The volume was 
made up to 50~l with water. The tube was then incubated at 
37 0 C for 30rnin. The enzyme was heat killed at 68 0 e for 5 min. 
The whole reaction mixture was then applied onto a C-18 
column. The C-18 column was prepared by packing the tip of a 
siliconized 200~l pipet tip with glass wool. lOmg C-18 resin 
was placed on top of the plug and covered with another piece 
of glass wool. The DNA sample was applied to the column by 
repetitively (5-6 times) drawing the sample up and down 
through the C-18 column with an automatic pipettor set at 
200~1. The column was washed 4 times with lOO~1 deionized 
water by applying water to the top of the column and pushing 
it through with the pipettor. The sample was eluted from the 
column by drawing 150~l 25% acetonitrile up through the column 
and ejecting it into a clean microfuge tube. Acetonitrile was 
removed by evaporation in a SpeedVac Concentrator and the tube 
was washed once with 50~l of deionized water and dried. 
4.2.2.5 HYBRIDIZATION WITH POSITION SPECIFIC PROBES 
I 
i 
The insert DNA was digested with NcoI, SacI, BglII, 
Nco! and SacI, NcoI and BglII, Sac! and BglII. The DNA was 
electrophoresed on agarose gel and blotted onto filters. One 
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of the fil ters was hybridized wi th HS probe while the o t her 
with TS probe. 
4.2.2.6 PREPARATION OF COMPETENT CELLS (Hanahan., 1985) 
An overnight culture of JM109 was prepared by 
inoculating a single colony of JM109 into 5ml SOB. A 2% 
I 
i 
inoculation of the overnight culture was prepared in 15ml SOB. 
Cells were grown at 37 0 C until O.D.550 was around 0.3 and 0.4. 
The cells were spun at 3000 rpm at 40 C for 15 min. The cell 
pellet was then resuspended 1.n 1/3 volume of (5rnl) TFB and 
placed on ice for 15 min. The cells were spun again at 3000 
rpm at 40 C for 15 min. The cell pellet was then re suspended 
in 1/12.5 volume of (1.2ml) TFB. 42~l DnD was added and put 
on ice for 10 min followed by another 42~1 DnD f..or 20 min. 
The cell suspension was then dispensed into microfuge tubes in 
210~l aliquots. 
4.2.2.7 SUBCLONING INTO pUC18 
For further sequencing of the positive clone, 
restriction fragments of the insert DNA were subcloned into 
the plasmid pUC18. 10~g of pUC18 plasmid DNA was digested 
wi th SacI and another wi th SacI and EcoRI. Afterwards, the 
plasmids were extracted with phenol-chloroform and ethanol 
precipitated. The enzyme-cut plasmid DNA was then 
dephosphorylated. To the plasmid DNA, 2~1 (13.4U) CIP was 
added together wi th 10X CIP buffer and the total volume was 
made up to 50~1 . The reaction mixtures were then incubated 
at 37 0 C for 30 min. Another 1 ~l CIP (6.7 U) was added and 
incubated at 37 0 C for further 30 min. Forty ~l water, 10~l 
10X STE and 5~1 10% SDS were added and incubated at 6SoC for 
15 min. Afterwards, the DNA was extracted with phenol-
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chloroform and then passed through a spun column. DNA was 
then precipi ta ted wi th ethanol The concentration of the 
dephosphorylated DNA could be estimated by agaros e gel 
electrophoresis. 
Two hundred ng of insert DNA was digested wi th 
SacI. After restriction enzyme digestion, the DNA was 
extracted with phenol-chloroform and ethanol precipitated. 
Half of the SacI-digested insert DNA was then ligated wi th 
the SacI-digested dephosphorylated pUC18. The remaining half 
was then ligated with the SacI/EcoRI-digested dephosphorylated 
pUC18. After overnight ligation, the plasmid DNA was 
transformed into E.coli strain JM109. 
The DNA to be transformed was added to _ competent 
cells and then put on lce for 40 min. Each tube was then heat 
shocked at 42 0 C for 90 sec and then quenched on ice for 2 mln. 
Eight hundred ~l SOC was then added to each tube and incubated 
at 37 0 C for 45 min. Th1 transformed cells were then plated on 
I 
ampicillin plates with ~% X-gal and O.lM IPTG. 
4.2.2.8 PLASMID PREPARATION 
White colonies were picked from the transformation 
reaction and screened for the presence of DNA insert. The 
plasmid DNA was prepared by the following protocol: 
1. 1.5 ml cells was spun for 15 sec. 
2. The cell pellet was re suspended ln 100~ll lysis buffer 
and left on lce for 10 mln. 
3. 200~1 alkaline SDS was added and put on lce for 5 
mln. 




5. It was centrifuged for 10 mln. 
6. To the supernatant, 1~1 100% ethanol was add e d and 
put at -20°C for 1 hr. 
7. It was · spun for 10 mln and re suspended ln 100~1 Tris, 
EDTA and RNase buffer. Sodium acetate was added to 
0.4M and 200~1 100% ethanol was added and left at 
-20°C for 1 hr. 
plasmid DNA was i finally digested 
i 
with appropriate 
restriction enzymes to release the insert. 
4.2.2.9 SEQUENCING 
DNA sequencing was performed by the 
dideoxynucleotide procedure ( Sanger et al . , 1974) (for 
protocol, see appendix B). The subclone 1 S2, was- sequenced 
with the universal prlmer (5'-GTAAAACGACGGCCAGT-3') and a 
custom synthesized primer, B, (5'-CTTGTGCATGTCCTTCTTGAAGCA~3') 
which is complementary to the grass carp GH cDNA from base 
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3 'I--------+-------J f I 5' 
S N S 
Fig. 2 Direction of sequeneing for subelone S2. Arrow 
labelled with U represents universal prim8r, B represents 
primer B. S: Sac I, N: Neor. 
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4.3 RESULT 
The DNA insert from the positive clone was diges ted 
with different restriction enzymes. The results are shown l n 
Fig.3. From the band patterns, the number of sites of 
different restriction enzymes can be determined. The result 
of double enzyme digestion is shown in Fig. 4. By compar1son 
with band patterns obtained from single enzyme digestions, the 
relative positions of the restriction sites were worked out. 
The restriction map of the potential GH gene is shown in Fig. 
10. 
In order to align the cDNA sequence with the 
potential GH gene, two probes were used. HS probe is designed 
to monitor sequence homologous to the 5' end of the cDNA while 
TS probe 1S to monitor the 3' end. The result of this 
experiment 1S shown in Fig. 5 and 6. 
As the HS probe only hybridizes with the 3 kb band 
of the Nco I digested DNA, this fragment 1S probably 
homologous to 5' end of the cDNA. From the resul t of the 
Sac1 digestion, the 5' sequence of the GH gene 1S further 
confirmed to be associated with the Sac I 2.2 kb fragment of 
the DNA insert. Result of Bgl 11 digestion agaln indicates 
. that the 5' end of the GH gene is located in the 2 kb Bgl11 
restricted fragment. Resul ts from double enzyme digestion 
produce consistent band patterns supporting the above 
interpretation. ! Hence tI the genomic sequence homologous to 5' 
end of the cDNA 1S probably located within the first Bgl 11 
site from the 5' end of the DNA insert. 
To determine the genomic sequence homologous t o th e 
3' end of the cDNA, a similar approach was u sed wi t h the TS 
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probe. Results obtained from single and doubl e e nzyme 
digestions narrow down the genomlc sequence homologous to 
3' end of the cDNA to be located within a fragment of around 
1.4 kb flanked by Bgl 11 and Sac I si tes in the DNA insert 
(Fig. 6). 
The fragments marked as SEl and S2 ln Fig. 10 have 
been subcloned into plasmid pUC18 for sequenclng. The 
subclone l S2 1 was sequenced with a universal prlmer and a 
prlmer called BI which has a sequence complementary to bp 590-
613 of the cDNA. Thesequencing data is shown in Fig. 7 and 
8 • For the universal prlmer l 319 bases have been read. The 
sequences read from primer B has a segment 
Hhich ma tches wi th the grass carp GH cDNA 
Fig. 9). 
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bp 156 to 232) 
bp 467 to 543; 
12 a 456789 
23.1kb 
7.7kb 
Fig. 3 EnzYme digestions of DNA insert from positive clone. 
1: Taq 1,2: Sac 1,3: Nco 1,4: Bgl 11,5:. Pst 1,6: BamHI, 





- 6.2 2 
-2 .. 39 
-1.4 B 
Fig. 4 Double enzyme digestions of DNA insert. 1: Bgl 11 & Nco I, 
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Fig. 5 Hybridization of enzyme-digested DNA insert with HS probe . 
Schematic diagram depicting the fraction of DNA insert that hybridize 
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Fig. 6 Hybridization of enzyme-digested DNA insert with TS probe. 
Schematic diagram depicting the fraction of DNA insert that hybridize 
with the TS probe is shown above the photo. 
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10 20 30 40 50 
5' GGATCCCCGG GTACCGAGCT CTGTAAGCAC ACGATGTCGT TAAAAATGAA 
60 70 80 90 100 
ACCCCAACCT CTTATGTTTT AGrrCAACAAA ATATAGAACT ATGAAACAAA 
110 120 130 . 140 150 
TAGTAGTATA GTACATGCAT GATGCAAGTG AAATATTTTT GTTGTTTTCA 
160 170 180 190 200 
CAATTGCTCA AAAATCAGAT TAAAAGTTCC ATCATCACTA CACTGTAAAA 
210 220 230 240 250 
AAAAATATTT TCACTAATTA TCACATTTTT TCCTTTGTCA AATCAACTTA 
260 270 280 290 300 
ATTAATGTGG TTCAGATAAC ATAATATTGT GAGTTTCTGT TGATTAAACC 
310 
AATCACCAAT GAACTCAAA 3' 
Fig. 7 Sequencing data of S2 with universal primer. 
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5' 
. 4· .... 10' 20 30 40 50 
' GGTGCTCATC ' 0 AGGTGAGAGA GCAGATTATT CTAGGCTACT CTGTTTTTTC 
60 70 80 90 100 
ATCAATGTGT CTAGTGGTCA TACCTGGAGG TGTGATGACA TCTTTACATC 
.y' ~ 110 120 130 140 150 
TTCAG~GCTT ATTTGGATAG CAATG}~CATA ATTTTTTGCC ATTTGTATCT 
, " 160 170 180 190 '2 
GCAC GATG TCTGGATGGT CAACCAAACA TGGATGATAA CGACTCCCTG 
, 210 220 230 
CCACTGfCTT TTGAGGATTT CTACTTGACC All;13 • 
Fig. 8 Sequencing data . of 52 with prime~ B. Sequence in the box 






431 440 450 460 470 480 490 
GCCGACTTGAAAGTGGGCATCAGCGTGCTCATCAAGGGATGTCTGGATGGTCAACCAAAC 
I I I I I I I I I I I I I I I , 1 I I I I I I I 
I I , , I I I I I I I I I I I I I I 1 I 1 I . I I 
.................................... GGATGTCTGGATGGTCAACCAAAC 
120 129 139 149 159 169 179 
491 500 510 520 530 540 550 
ATGGATGATAACGACTCCCTGCCACTGCCTTTTGAGGATTTCTACTTGACCATGGGGGAG 
I I I I I I I I I I I I I I I I , I I I I I I I I I I I I I I I I I I I I I I , I I I I I I I , I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I , I I I I I I I I I I 
ATGGATGATAACGACTCCCTGCCACTGCCTTTTGAGGATTTCTACTTGACCAT ...... . 
180 189 199 209 219 229 
Fig. 9 Homology of the sequences between 52 and grass carp GH cDNA. 





In order to further characterize the positive 
clone, a restriction map of the DNA insert is constructed and 
shown in Fig. 10. Because of the small amount of insert DNA 
used for each restriction enzyme digestion, the pattern of 
enzyme-digested DNA can only be visualized after 
autoradiography. Since grass carp GH cDNA is used as the 
probe, the restriction map so constructed is complete wi th 
respect to the portion of the insert DNA that can hybridize 
with the cDNA. 
I 
In order to ; align the GH cDNA with the potential GH 
gene, posi tion specific probes pave been used. HS probe 1.S 
specific for the 5' end of the cDNA while TS probe is for the 
3'end. Based on the results obtained, we are able to locate 
the genomic sequences homologous to 5' and 3' end of the cDNA 
as shown in Fig. 10. As the orientation of the potential GH 
gene has been worked out with respect to the 5' and 3' ends of 
the cDNA, the GH gene is probably loca ted wi thin a 4 . 7 kb 
fragment of the DNA insert, i.e., within the first two Sac I 
sites, from the 5'end. 
The subclone, S2, have been sequenced partially. 
Using primer B, we detected that . the S2 fragment contains a 
DNA sequence which matches with that of the grass carp GH 
cDNA. Hence, this segment most likely codes for an exon of 
the genomic sequence. The remaining sequences read from 
primer B and the universal primer are probably the introns of 
the genomic sequence. 
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with TS probe YJith HS probe 
1 kb 
Fig. 10 Restriction map of the DNA insert from the positive clone. 
E: Eco RI, B: Bgl 11, S: Sac I, N: Nco I. Fragments that hybridize 
with HS and TS probes respectively are shown. S2 and 'SE 1 are frag-









In the present study, a positive clone containing 
a potential grass carp GH gene has been isolated. It is 
screened out from a GH-gene-enriched genomic library by a 
radioactively labelled grass carp GH cDNA probe. 
When determining the insert size, internal EcoRI 
i 
sites have been found. It is important to show that this 
I 
clone does not contain gene fragments that have undergone 
rearrangement during the gene cloning procedure. This is 
done by comparing the EcoRI digestion pattern of the insert 
with that of the 6kb HindIII digested genomic DNA. As the 
DNA insert has the same EcoRI digestion pattern as the 
genomic DNA, the positive clone probably contained the 
potential GH gene. 
In order to orientate the GH gene with the cDNA, 
position-specific probes, HS and TS, have been used to 
hybridize with the DNA insert. The GH gene was determined 
to be located in a 4.7 kb fragment starting from the 5' end 
of the DNA insert. The full length of the GH genes of 
mammalian species is around 2 kb while that of rainbow trout 
(Agellon et al., 1988) and Atlantic salmon (Johansen et al., 
1989) is nearly 4 kb. Hence, our positive clone most likely 
contains the full length GH gene. 
The positive clone is further confirmed by 
partial sequencing. When sequencing with primer Br which is 
complementary to the grass carp GH cDNA at base pair 590 to 
80 
613, 76 bp of the DNA insert matches the grass c arp cDNA at 
base pair 467 to 543. These 76 bp probably correspond to 
sequence wi thin an exon of the GH gene. The unma tched 
sequences probably code for introns of the gene. 
For future studies, other than sequencing the two 
subclone, S2 and SE1, the 1.2 kb fragments flanked by the 
two BglII si tes embracing the junction between S2 and SEl 
subclones should also be subcloned and sequenced (Fig. 10, 
Chapter 4). By this strategy, the complete sequence of the 
potential GH gene will be obtained. With the complete 
sequence of the GH gene available, control elements residing 
on the 5' flanking reg10n of the gene may be identified. 
This will further improve our understanding on the tissue-
specific regulation as well as hormonal control of the GH 
gene expreSS10n. Moreover, with the GH gene at hand, we may 
use it in the future ifor transgenic experiments. 
! 
The major : problem encountered in the cloning of 
the GH gene, 1S the presenc~ of internal EcoRI sites. 
Depending on the success of the methylation reaction, small 
fragments of DNA may be generated during the digestion of 
the EcoRI linkers. Moreover I the presence of an intact 
internal EcoRI sites has made it difficult to cut full 
length DNA in the GH gene insert from the positive clone. 
This problem can be overcome by the use of adaptors to 
generate suitable restriction sites instead of using linkers 
to clone into ,\gt11. On the other hand, the choice of 
another suitable cloning vector, such as AL47 which provide 
81 
the sui table cloning si tes and capaci ty, may sol ve thi s 
problem. 
Another problem encountered during our study 15 
the difficulty in screening out a positive signal. Out of 
3.7xl0 5 recombinants screened, only a positive clone has 
been isolated. In the isolation of the rainbow trout GH 
gene (Agellon et al., 1988), thirty posi tive clones were 
obtained out of 5xl0 5 clones screened. In comparison with 
this figure and considering that the library in the present 
study has been enriched, we would expect to detect more 
positive sigals. A reason for this may due to the rare copy 
number of this gene. Another possibility may be due to the 
presence of internal EcoRI si tes wi thin the GH gene. As 
some of the gene may have been cut while generating EcoRI 
si tes 1n the linkers, 
may have been lost. 
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clones containing partial segments 
APPENDIX A 
In this study, other strategies and vectors have 
been tried. They include cloning into AEMBL3, pUC1 8 
and ;\ L47 . The different approaches and difficulties 
encountered are discussed below. 
I. CONSTRUCTION OF GENOMIC LIBRARY INAEMBL3 
PARTIAL SAU 3A DIGESTION 
Total genomic DNA was digested in a trial run with 
two fold serial diluted Sau 3A at 37°C for 1 hr. The reaction 
was stopped by adding EDTA to a concentration of 20mM and 
incubating at 70°C for 10 min. Based on the DNA pattern 
obtained by agarose electrophoresis, the most suitable enzyme 
j 
I • 
concentration was chosep to prepare DNA fragments - for clon1ng 
into AEMBL 3. 
An alternative method to produce suitable Sau 3A 
digested DNA for cloning is to vary the length of incubation 
time. Total genomic DNA was digested by a fixed amount of 
restriction enzyme and incubating at 37°C for different 
periods, such as 15 min, 30 min, etc .. 
Fig. 1 illustrate the digestion of DNA using 
varying amount of Sau 3A. 2.6 ~g of total genomic DNA (carp 
sperm DNA) was digested with two fold serial diluted Sau 3A, 
from 0.6 U to 0.016 U, at 37 0 C for an hour. Lane 5 (0.16U) 
was chosen to be the sui table condi tion because most of the 
digested DNA is in the size range of 23kb to 9 kb which is the 
length acceptable by the A EMBL 3. 
FRACTIONATION OF DNA BY SUCROSE GRADIENT 
Sucrose gradient was prepared by the set-up shown 
in Fig. 2. The 40% and 10% sucrose solutions. (buffer : lM 
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Fig. 1 2.6 ug total genomic DNA was digested with 2X diluted 
Sau 3A, from O.6U to O.016U (lane 6 to 1) at 37°C for 1 hr. 
Lane 7 is uncut DNA. 
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40% sucrose 











Fig. 2 Ca) Apparatus for setting up sucrose gradient. 
Cb) Suc~ose gradient. 
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NaCl, 20mM Tris-Cl, pH 8.0, 5mM EDTA) was sterilized . After 
setting the gradient up in a centrifuge tube, DNA sampl e was 
layered onto the top. DNA was fractionated by centrifugat ion 
at 24K {rotor: sw 40.1) at 150 C for 24 hours. 
After the run, a 50% sucrose solution was pumped 
into the bottom of the tube to force the less dense sucrose 
gradient out as shown in Fig. 3. 10 drop fractions were 
collected. As shown in Fig. 4, smaller DNA fragments will be 
displaced first, followed by larger fragments. The fractions 
corresponding to a size of around 10 kb were pooled and then 
purified by ultrafiltration using Centricon 30'. 
LIGATION WITH AEMBL3 
DNA digested by Sau 3A and purified by the above 
procedure was ready to be cloned into i\EMBL3 (Frischauf et 
al., 1983). A simplified map of ~EMBL3 is shown in Fig. 5. 
Different ratios of vector to insert were tried as shown in 








No. of plaque resulted 
o 
o 
The failure may due to the size of DNA for cloning 
is too small. For cloning with AEMBL3, high molecular weight 
DNA is required. Small fragments of less than 10 kb cannot be 
cloned efficiently intoAEMBL3. Furthermore, small fragments 
generated by shearing will have broken ends which are 





50% su'c:f-·')se solution 
with bromophenol blue 
pump 
Fig. 3 Set~up for collecting fractions. 
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2 t O 
Fig. 4 Fractions collected from surcose gradient, starting 
from lane 8. 
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Cos 
Site 
Multiple Cloning Site 
Fig. 5 Simpified map of AEMBL 3. 
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11. CONSTRUCTION OF ENRICHED GENOMIC LIBRARY IN PLA SMID pUC1 8 
The 6kb HindlII-digested genomic DNA (Chap te r 2) 
was used for cloning into plasmid vector pUC18. In orde r t o 
create a compatible restriction site, pUC18 was digested with 
HindIII and then dephosphorylated. Different ratios of vector 
to insert were tried. After ligation r the plasmid was 
transformed into E.coli strain JMI09. The results are shown 
In the folloHing table. 
A/I pUC18 Insert No. of colonies 96 recombinant 
1:1 2Sng 62.5ng 120 91.67 
2:1 25ng 31.25ng 330 81.82 
4:1 SOng 31.25ng 780 74.36 
The difficulty encountered In the cloning of 
genomlc DNA into a plasmid vector pUC18 ( 2 . 7 kb) lS due to the 
inefficiency of cloning large DNA fragments (around 6kb) into 
them. Small DNA fragments v.Till be cloned in preference to 
large DNA fragments. Moreover, even if large DNA fragments can 
be cloned into plasmid vector, the plasmid Hill be unstable 
and the insert will be lost · after several rounds of 
replication. Furthermore, it is difficult to screen by colony 
hybridization. 
III.CONSTRUCTION OF ENRICHED GENOMIC LIBRARY IN AL47 
~L47 is a , derivative of phage lambda designed 
I 
i 
for cloning DNA fragments of 7-20 kb generated by restriction 
enzyme EcoRI, HindIII, BamHI, }lboI and BglII (Loenen et al., 
1980) . Recombinants can be selected by their Spi- phenotype 
and their propagation is facilitated by the presence of a chi 
site. The restriction map of AL47 is shown in Fig. 6. 
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Fig. 6 Restriction map of ~L47. 
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T~70 approache s have been tri e d to cons tru e t a 
library ln the AL47 vector. In the first on e , Hind I II-
digestedAL47 was mixed with a preparation of the 6kb HindIII-
digested genomic DNA in a vector to insert ratio of 2: 1 and 
1 : 1 . The DNA was ligated overnight at 16 0 C and packaged. 
Recombinant phages were selected by plating on a P2 lysogen 
WL95 [metE supE supF hsdRk tonA trpR (P2)] which does not 
support growth of the parent phage. No recombinant phage was 
obtained for both ratios tried. 
In the second approach, the stuffer fragments 
of AL47 were removed from the arms before ligation. However, 
this did not lmprove the yield of recombinant phage. 
I 
;\ L47 should : be a suitable vector for .. cloning the 
desired 6 kb HindIII fragment in the present study. ~L47 has 
both the suitable restriction site and the cloning capacity; 
V1Z, a HindIII si te and a size range from 7 kb to 20 kb. In 
the first approach, the HindIII digested DNA fragments were 
ligated to theAL47 arms in the presence of stuffer fragments. 
Because stuffer fragments may compete for the reaction, no 
successful cloning was obtained. In the second approach, we 
removed the stuffer fragments, however, the self-ligation of 
the arms may have contributed to the failure of this attempt. 
Thus, a more appropriate strategy will be to anneal the ~L47 
arms at the cos sites first, then remove the stuffer fragments 
by digesting ·wi th HindIII. And af ter dephosphoryla tion, the 
arms can be used to ligate with the insert DNA. 
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APPENDIX B 
I. PHENOL PREPARATION (Maniatis et al., 1982) 
Phenol 1S redistilled at to remov e 
contaminants and stored at ~vhen needed, t he 
redistilled phenol is allowed to warm to room temperature, and 
melted at 68 oC. 8-Hydroxyquinoline is then added to a final 
concentration of O. 1 96. The mel ted phenol 1S then extracted 
several times wi th an equal volume of buffer (usually 1. OM 
Tris, pH8.0, followed by O.lM Tris, pH 8.0) and 0.2% ~-
mercaptoethanol, until the pH of the aqueous phase is >7.6. 
I 
I 
11. PREPARATION OF DIALYSIS TUBING (Maniatis et al., 1982) 
The tubings are cut into pieces of convenient 
length. They are boiled for 10 min in a large volume of 2% 
sodium bicarbonate and 1mM EDTA. The tubings are rinsed with 
distilled water. They are then autoclaved and then cooled 
down to room temperature and stored at 4o C. 
Ill. MULTI PRIME DNA LABELLING USING AMERSHAM KIT (RPN 1601) 
Fifty-six ~l (SOng) of probe template solution is 
dispensed into a sterile tube and placed in a boiling water 
bath for two min. The tube is transferred to an lce bath. 
The reagents are added in the following order: 
Labelling/reaction buffer solution 
Primer BSA solution 
[a- 32 P]dCTP 
Kl eno~1J 
The reaction tube 1S incubated for an hour at 37 oC. The 
unincorporated nucleotides are removed by passage through a 
spun column (Fig. 3). 
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IV. CENTRICON 30' 
! 
A centricon :30' lS prerinsed with 2 ml v-7at e r and 
then centrifuged at 4K ~ rpm for 15 min at 10 0 C (see Fig. 1). 
I 
Sample is then added and centrifuged until only a small volume 
of sample . . remalns ln the top compartment. Two ml TE lS added 
and the process lS repea ted I this lS then followed by 2 ml 
water. For recovery (see Fig. 2) I the centricon 30' lS 
inverte<;:l and centrifuged at 4 K rpm for 2 min at 10 0 C. The 
concentrated or desalted sample 1S then collected ln the 
sample cup. 
V. SPUN COLUMN (Maniatis et al., 1982) 
A column (0.9-ml bed volume) of Sephadex-G50 
equilibrated ln STE (TE I pH 8.0, containing 0.1 M NaCI) is 
prepared ln a 1-ml syrlnge. The syringe lS inserted in a 
centrifuge tube as shown in Fig. 3. It is then centrifuged at 
2000rpm for 4 min. Then, O.lml STE is added and recentrifuged 
at same speed and time. After repeating this step two more 
times, DNA sample 1S then applied to the column and 
centrifuged at the same speed and time as before. Effluent is 
collected from the syrlnge. 
VI. PROTOCOL FOR NICK TRANSLATION USING AMERSHAM KIT (N5000) 
One ~g DNA template ln either water or 10mM 
Tris/lmM EDTA/pH8. 0 1S required. The reaction is set up on 
lce as follOv-7s: 
DNA template 
Nucleotide/buffer solution 20~1 














Figure 2. Recovery Mode. 
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10~1 enzyme solution containing 5U DNA polymerase I and 1 00 pg 
DNase I 1S added. The tube 1S incubated at 15 0 C for 2 hr. 
The reaction 1S stopped by adding 10Wl 0.5M EDTA. Free 
nucleotides are removed by spun column. 
VII. T7 SEQUENCING KIT (PHARMACIA) 
The concen tr1a tion of template DNA 1S adjusted to 
i 
2~g/8~1. The double-stranded template DNA lS denatured by 
I 
adding 21J1 2M NaOH and incubated at room temperature for 10 
m1n. Three Wl 3M sodium acetate (pH4.5), 7~1 distilled water 
and 60Wl 100% ethanol are added and left at -20 o C overnight. 
The ethanol precipitated DNA is then washed with 70% ethanol 
and resuspended 1n 101J1 distilled water. Two 1J1 annealing 
buffer and 21J1 primer solution are added and incubated at 37 0 C 
for 20 m1n and left at room temperature for 10 min. For the 
labelling reaction, add: 
Labelling mix 
[a- 35 S]dATPaS 
Diluted T7 DNA polymerase 
The tube is incubated at room temperature for 5 mln. When the 
labelling reaction has been incubated for 5 min, 4.51J1 of this 
reaction mlX 1S transferred into each of four pre-warmed 
sequencing mlxes, A, C, G, T, and incubated at 37 0 C for 5 min. 
Five 1J1 of stop solution is added to each tube. 
The reaction mixes are then electrophoresed in a 
urea polyacrylamide gel to separate the chain-terminated 
fragments. 4% acrylamide gel is prepared according to the 
following table. 
Urea (g) 42.0 
40% Acrylamide (ml) 10.0 
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10X TBE buffer (ml) 
Distilled water (ml) 






A · LKB 2010 Macrophor Sequencing System 1S used. The 
acrylamide gel 1S pre-run at 1500 V for 1/2 hr with a 
thermostatic circulator set at 55°C. The four reaction mixes 
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